I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Agriculture is an important economic sector in India. Over 58 per cent of the rural households depend on agriculture as their principal means of livelihood.\[[@ref1][@ref2]\] According to World Health Organization, 500,000--1,000,000 people per year around the world suffer from health effects due to pesticide poisoning.\[[@ref3]\] Despite such deleterious effects, people in many developing countries and even in some developed countries use unsafe methods in handling the pesticides.

Thus, understanding farmer\'s knowledge of pesticides and safety practices is vital to provide valuable information aimed at preventing or reducing the health and environmental hazards associated with pesticides.

Aims and objectives {#sec2-1}
-------------------

In this context, it becomes more significant and relevant to determine the knowledge and practice of farmers concerning pesticide management and its impact on human health.

M[ATERIALS AND]{.smallcaps} M[ETHODS]{.smallcaps} {#sec1-2}
=================================================

A cross sectional study was conducted in the village of Kaivara, Chickballapur District, South Karnataka, India. Data were collected through face to face interviews, using a questionnaire. It was designed in English and translated into Kannada, the local language that is understood by majority of the farmers and was administered either in Kannada or English. The questionnaire included closed ended questions. These were in a multiple-choice format so that respondents had to select only the appropriate answers that they thought best described their opinion or attitude on a particular issue. The questionnaire contained three main sections. The first section was designed to collect information on personal characteristics of the farmers including age, gender, education level, years of farming experience and farming practices (crop types and yields). The second section focused on farmers\' level of awareness on ill-effects of pesticides. The third section included questions regarding pesticide handling practices and use of personal protective equipment (PPE) during pesticide application. Farmers were chosen randomly for the interview and their participation was entirely optional.

Data analysis {#sec2-2}
-------------

A sample size estimate of 170 was calculated using margin of error of 5% with 95% confidence interval. The raw data from the questionnaire was coded and entered in excel. SPSS version 20.0 (IBM Corp., Armomk, NY) was used to analyze the data. Chi-square test was used to measure the association between pesticide toxic effects and pesticide handling practices, with 95% CI.

R[ESULTS]{.smallcaps} {#sec1-3}
=====================

Farmers profile {#sec2-3}
---------------

The respondents included 171 farmers from 10 villages. Majority of them were males (69.01%), while females were 30.99%. The median age of the farmers was 40 ranging from 18-80 years \[[Table 1](#T1){ref-type="table"}\]. Around 71.93% of the farmers were farming since more than 6 years, indicating the farmer\'s years of experience in cultivating ragi (43.84%) and vegetables (25.72%). The study showed that insecticides (72%), fungicides (18%) and herbicides (6%) were the different pesticide formulations used. Dichlorvos, an Acetylcholinesterase (AChE) inhibitor that kills mushroom flies, aphids, spider mites, caterpillars, thrips, and whiteflies was recorded as the most commonly used insecticide \[[Table 2](#T2){ref-type="table"}\].

###### 

Demographics of the study population

  Factors                     Categories    Frequency (%)
  --------------------------- ------------- ---------------
  Age categorization          15-24         13 (7.60)
  25-34                       49 (28.65)    
  35-44                       39 (22.81)    
  45-54                       32 (18.71)    
  55-64                       30 (17.54)    
  65 and above                8 (4.68)      
  Total                       171 (100      
  Gender categorization       Male          118 (69.01)
  Female                      53 (30.99)    
  Total                       171 (100      
  Family experience (years)   1-2           19 (11.11)
  2-4                         10 (5.85)     
  4-6                         19 (11.11)    
  \>6                         123 (71.93)   
                              Total         171 (100)

###### 

List of pesticides used in the study area

  Brand name         Type          Active ingredient                      Chemical group         WHO Class
  ------------------ ------------- -------------------------------------- ---------------------- -----------
  DAP                Insecticide   Diammonium phosphate                   Organophosphate        II
  Nuvan/Dichlorvos   Insecticide   2,2-dichlorovinyl dimethyl phosphate   Organophosphate        II
  20-20-20           Insecticide   Permethrin                             Pyrethroids            II
  Rogor              Insecticide   Dimethoate                             Organophosphate        II
  Coragen            Insecticide   Chlorantraniliprole                    Anthranilic diamides   
  M-45               Insecticide   Mancozeb                               Dithiocarbamate        U
  Imida              Insecticide   Imidacloprid                           Neonicotinoid          II
  Ridomil gold       Fungicide     Mefanozem                              Dithiocarbamate        U
  CMIT/MIT           Fungicide     Isothiazolin                           Biocide                U

WHO Class Ia: Extremely hazardous, Ib: Highly hazardous. II: Moderately hazardous, III: Slightly hazardous. IV: Unlikely to present acute hazard under normal use condition. CMIT: Chloromethylisothiazolinone, DAP: Dialkylphosphate, MIT: Methylisothiazolinone

Farmers knowledge and behavior {#sec2-4}
------------------------------

Most farmers (52.63%) learnt regarding pesticides by communicating with retailers while 25.73% knew about it by interacting with co-farmers and 21.64% used consultancies to make themselves aware. It was seen that 83% of the people retained the pesticides in original container while 17% transferred it into their own containers. Protective measures during and after pesticide application are considered effective means of reducing the risks of farmer\'s health. In this study it was found that 65.5% of them used sticks to mix pesticides while 22.22% used bare hands for mixing. Almost all the farmers (93.57%) claimed to wash their hands with soap after using pesticides. It was found that 74% growers were aware that protective equipment had to be used while using pesticides. Face mask (58.48%) and hand gloves (15.79%) were the most commonly used safety ware. 77% of the farmers used hand pump to spray pesticides while the rest used hand. For storage 51.47% used storage room, 36.25% stored outside the houses while 12.28% stored it inside the houses. The used containers were thrown into open fields (59.06%), 12.87% threw them into dustbin, 1.75% returned them to company and 26.31% buried them. It was observed that most of the farmers (70.17%) washed the equipment outside the house which drains the pesticide remains into the soil while 23.98% washed it near lake or river. The growers stated that 36.84% of remains from washed equipment\'s reached canal while 35.09% reached drainage \[[Table 3](#T3){ref-type="table"}\].

###### 

Farmers knowledge and behavior with respect to pesticides

  Questions                                                                        Variables               Frequency (%)
  -------------------------------------------------------------------------------- ----------------------- ---------------
  How you do you know about pesticides (including new products)?                   Retailers               90 (52.63)
  Co-farmers                                                                       44 (25.73)              
  Consultancies                                                                    37 (21.64)              
  How do you mix pesticides?                                                       Using stick             112 (65.5)
  Bare hands                                                                       38 (22.22)              
  Others                                                                           21 (12.28)              
  What kind of protection you use while using pesticides?                          Mask                    100 (58.48)
  No protection                                                                    42 (24.56)              
  Gloves                                                                           27 (15.79)              
  Shoes                                                                            2 (1.17)                
  What do you do after applying pesticides?                                        Wash hands using soap   160 (93.57)
  Wash hands using plain water                                                     9 (5.26)                
  Won't wash                                                                       2 (1.17)                
  Where do you store pesticides?                                                   Store room              88 (51.47)
  Outside house                                                                    62 (36.25)              
  Inside house                                                                     21 (12.28)              
  How do you dispose container of pesticides?                                      Throw in open field     101 (59.06)
  Others                                                                           45 (26.32)              
  Throw in dustbin                                                                 22 (12.87)              
  Return to seller                                                                 3 (1.75)                
  Where is the pesticide application equipment washed?                             Outside home            120 (70.17)
  Near water body                                                                  41 (23.98)              
  At home                                                                          10 (5.85)               
  Where does the residue from washed equipment go?                                 Canal                   63 (36.84)
  Drainage                                                                         60 (35.09)              
  Others                                                                           48 (28.07)              
  Do you think pesticides are harmful to the environment, soil and human health?   Yes                     129 (75.43)
  No                                                                               42 (24.57)              
  How to handle the risk of pesticides?                                            Consultation            119 (69.60)
  Ignore                                                                           40 (23.40)              
  Home remedies                                                                    6 (3.50)                
  Others                                                                           6 (3.50)                
  Did you experience any health issues due to the long-term pesticide exposure?    Yes                     130 (76.02)
  No                                                                               41 (23.98)              

Farmers awareness on pesticides poisoning {#sec2-5}
-----------------------------------------

It was reported that 75.43% of the farmers knew the ill effects of pesticides completely and 24.57% were not aware. During the use of pesticides farmers reported problems such as eye irritation (32.75%), headache (25.15%), dizziness (10.53%), breathing difficulty (2.34%), skin rashes (2.34%) and 7.02% claimed to have experienced all of these symptoms at least once during their exposure to pesticides \[[Table 4](#T4){ref-type="table"}\]. When such symptoms are seen 69.60% responded that they would consult a doctor, 23.40% ignored and 3.50% used home remedies. 76.02% of the respondents said that they experienced long term effects with the use of pesticides.

###### 

Toxic symptoms associated with pesticide exposure

  Symptoms                  *n* (%)
  ------------------------- ------------
  Headache                  43 (25.15)
  Dizziness                 18 (10.53)
  Blurred vision            8 (4.67)
  Difficulty in breathing   4 (2.34)
  Skin rash                 4 (2.34)
  Eye irritation            56 (32.75)
  Confusion                 1 (0.58)
  Others                    7 (4.09)
  None                      18 (10.53)
  All of the above          12 (7.02)

Associations between symptoms reporting and pesticide poisoning {#sec2-6}
---------------------------------------------------------------

There was significant association between occurrence of headache and a number of risk behaviors: (i) Use of personal protective equipment (*P* \< 0.01); (ii) Pesticide storage area (*P* \< 0.02); (iii) Equipment washing practices (*P* \< 0.03).

D[ISCUSSION]{.smallcaps} {#sec1-4}
========================

Exposure of farmers to pesticides is immense especially in rural areas. So understanding farmer\'s level of knowledge, their attitudes and levels of awareness of pesticide safety is essential. This helps in providing sound educational and policy strategies for avoiding the dangers of pesticides and for reducing potential pollution to agricultural systems. Hence the present study aimed to understand the knowledge, attitude and practices of farmers of Kaivara village, South Karnataka, India. Oral communication with the farmers helped us to obtain information about the use of pesticides and the safety measures they follow while handling those pesticides.

Out of 171 study participant\'s majority of them were male farmers, who were directly involved with pesticides, either during pesticides preparation and/or its application in the field. Similar results were found in the studies conducted in brazil by Juliana Oliveira Pasiani *et al*.,\[[@ref4]\] Experience of the farmworker in pesticide handling has been taken into account to know its contribution on knowledge and practice of safe use of pesticides. Most of the study respondents were involved in the farming for more than 6 years which shows that they would have been well versed with the farming techniques and usage of pesticides.\[[@ref5]\] Insecticides were commonly used pesticides because insect pests were more common in study site in cultivating Ragi and vegetables. Similar results were found in a study in Tanzania\[[@ref6]\] whereas study results were contrary to a study in Nigeria, where herbicides were commonly used to control pests.

Farmer\'s knowledge and behavior {#sec2-7}
--------------------------------

Most of the study participants were aware of pesticides they use and the harmful effects related to it. Participants said that the information was provided by retailers and co-farmers were more reliable than the information provided by media advertisements. This could be because applying the information provided in advertisements to real scenarios is difficult.\[[@ref7]\] For people working with hazardous substances, it is compulsory to use personal protective equipment. A proper protection can enhance not only the safety of the workers but also work productivity.\[[@ref8]\] In our study many growers were aware that protective equipment had to be used while applying pesticides. Face mask and hand gloves were most commonly used safety ware. Similar study results were found by Mohanty *et al*.,\[[@ref9]\] The study results of Karunamoorthi *et al*., showed that about 127 (81.4%) farmers were using knapsack sprayer, 29 (18.6%) of them applied pesticides by means of small cans with several holes, as a pesticide applicator.\[[@ref10]\] Whereas in our study 22.22% of the farmers did not use any pesticide applicator which indicates a high risk of exposure leading to health hazards. Pesticide storage in unguarded sites is more common practice in many developing countries.\[[@ref6][@ref11]\] Our study results showed that 36.25% of farmers stored pesticides inside the house and 12.28% stored them outside the house which shows there is high potential for exposure of farmers and family members due to storage in highly accessible places.\[[@ref12]\]

Unsafe disposal of both unwanted pesticides and empty pesticide containers could put general population at higher risk. Majority of our study respondents reported that containers were thrown into open fields. This unsafe practice has an impact on environment by contaminating soil, surface and ground water and also poses risk to non-target organisms.\[[@ref9][@ref12]\] Similar results were found in a study conducted by Maria Celina *et al*.,\[[@ref13]\] Proper safety procedures need to be undertaken while cleaning pesticide containing equipment\'s.\[[@ref14]\] In our study we observed that even though most of the farmers washed the equipment outside the house, the washing area was in proximity of the house and few of the farmers washed near the lakes or rivers. These indiscreet practices possess severe risk to the inhabitants.

Farmer\'s awareness on pesticides poisoning {#sec2-8}
-------------------------------------------

In our study the awareness on the dangers of pesticide use to human health and the environment provided interesting results. About 64.33% of the farmers knew the ill effects of pesticides. Similar studies conducted in Kuwait by Mustapha *et al*.,\[[@ref15]\] also reported that majority of the farmers strongly agree that pesticides causes ill-effects to human health. The study conducted by Mohanty *et al*. also shows that the farmers were aware that the pesticides are toxic to both environment and human body.\[[@ref9]\] With regard to self-reported toxicity symptoms associated with pesticide use, our study results showed that 90% of the farmers reported problems. The most common symptoms among the farm workers were eye irritation, headache, dizziness, breathing difficulty, skin rashes and 7% claimed to have experienced all of these symptoms at least once during their exposure to pesticides. Symptoms associated with pesticide use in a study conducted by Karunamoorthi *et al*., were headache (58.8%), salivation and vomiting (38.2%), nausea (36.5%), and sneezing (12.5%).\[[@ref10]\] The reason for toxic effects of the pesticides used in the study area may be exposure to carcinogens and suspected endocrine disruptors.\[[@ref16]\]

C[ONCLUSION]{.smallcaps} {#sec1-5}
========================

The findings of the study indicate that knowledge level is adequate among farmers but this did not reflect in their practice. There is a need for continuous pesticide safety education along with training to the farmers regarding use of personal protective devices, personal hygiene and sanitation practices during and after application of pesticides. In addition, promotion of alternative pest control strategies such as application of bio pesticides can be introduced. This would reduce the dependency of chemical pesticides as well as their adverse impact on human health and environment.
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